ABSTRACT. -Aspects of nestling Tufted Puffin (Fraterculu cirrhata) and Horned Puffin (8' . comicdata) feeding ecology, growth rate, and fledging success were studied on Buldir Island, Alaska, in 1975 and on Ugaiushak Island, Alaska, in 1976 and 1977. Growth rates were measured for single wild chicks given supplemental food, single chicks raised in captivity and fed ad libitum, and for artifically twinned chicks with and without supplemental food and for twinned chicks raised in captivity. Data from these colonies and years (colony years) were compared with those from other colony years for these species and for Atlantic Puffins (F. arctica). For most aspects of nestling feeding ecology that have been measured, available data are too variable (seasonally, annually, or geographically) to give a reliable correlation with feeding conditions. Growth rates equal to 1.5% of adult body weight/day or less were associated with poor feeding conditions while growth rates of 2.5% or more represented optimum feeding conditions. Nestling growth rates currently provide the best means of assessing feeding conditions. The imulications of puffins' abilitv to raise two chicks, rather than their normal clutch of one, are also discussed. _ Local seabird populations in Alaska may well be affected by the development of offshore oil and gas resources. Recognizing this, the U.S. Bureau of Land Management, through interagency agreement with the National Oceanic and Atmospheric Administration (NOAA), sponsored the Outer Continental Shelf Environmental Assessment Program (OCSEAP) to obtain baseline data on the distribution and abundance, breeding biology, and feeding ecology of certain Alaskan seabird species. These data were to be used in making management decisions and as a standard against which postdevelopment data could be compared. If the consequences of petrochemical exploitation are to be predicted and safeguards established against potential problems, the ecology of the species most likely to be affected must be known (M&night and Knoder 1979).
to feeding conditions. Because young birds appear to be sensitive to regional and annual variations in feeding conditions (Ricklefs and White 1975) their growth rates provide a better criterion by which feeding ecology data from pre-and post-offshore development studies can be compared. Since puffin growth rates varied among colony years, I had to develop a standard for making comparisons. I attempted to provide such a standard by correlating observed growth rate with apparent feeding conditions and by determining the maximum growth rate chicks could obtain. Feeding conditions were assessed and maximum growth rates were estimated by measuring the growth of single chicks and artificially twinned chicks raised in situ and given supplemental food, and of chicks raised in captivity and fed ad libitum. The twinning experiments also provided information on the birds' ability to raise a second young. STUDY AREAS Ugaiushak Island (56"47' N, 156"41' W), in the western Gulf of Alaska, is one of many small islands harboring seabird colonies along the Alaska peninsula (Fig. 1) . It was chosen as an OCSEAP study site because of its proximity to areas being considered for offshore oil and gas development and because of its rich diversity and abundance of breeding seabirds. Fifteen species of seabirds, totaling over 56,000 birds, breed on Ugaiushak, including approximately 14,000 Tufted Puffins and 18,000 Horned Puffins (Sowls et al. 1978) . Ugaiushak (ca. 175 ha) consists oftwo land masses-hereafter called East Island and West Island-connected by a narrow isthmus. East Island is relatively flat with a maximum elevation of 30 m; West Island has three peaks located on the southwestern end of the island (the tallest being 170 m), a central ridge, and a gently sloping plain across its northwestern end. East Island supports lush Calamagrostis grassland and mixed-meadow communities; these also occur on West Island with an extensive heath community. Sea cliffs rising to 100 m comprise most of Ugaiushak' s western and southern coastlines. Tufted Puffins nest almost exclusively in earthen burrows along the tops of these cliffs where the island' s soil is deepest. Gradually sloping ledges, beach boulders, and talus slopes make up the eastern and northern coasts; here, Homed Puffins principally use rock crevices for nest sites.
Buldir Island (52"21' N, 175"56' E), the westernmost member of the Rat Island group of the Aleutian Islands, is the most isolated of the Aleutians, being 113 km west of the nearest island (Fig. 1) . Over 1.8 million seabirds of 20 species breed on Buldir, including approximately 20,000 each of Tufted and Horned puffins (Sowls et al. 1978) . My study of puffins on the island was ancillary to an ongoing U.S. Fish and Wildlife Service research project on the endangered Aleutian Canada Goose (Branta canadensis leucopareia).
With an area of about 2,000 ha, Buldir' s topography is dominated by three volcanic peaks, which range in elevation from 539 to 65 5 m; the remainder of the island being lesser peaks and rolling hills. Buldir is heavily vegetated, except at the highest elevations, with moss-willow tundra and Elymus-umbel communities whose plants reach over 2 m in height by late summer. The 20-km coastline consists chiefly of large boulder or gravel beaches or talus slopes, backed by steep sea slopes or cliffs. Most Tufted Puffins nest in earthen burrows on sea slopes, but some nest in the rock crevices of talus slopes. Most Horned Puffins nest in rock crevices of talus slopes and among beach boulders, with some nesting in earthen burrows on sea slopes or on the banks of inland creeks. My study plots for Tufted Puffins were primarily on the sea slopes at the northwest end of the island and for Horned Puffins on the Main Talus, located on the north-central side of Buldir. Observations of daily feeding activity were made on the Main Talus where several thousand pairs of both puffin species and tens of thousands of pairs of Aethia auklets nest. Eight components of nestling feeding ecology were studied for both species but not in each colony year: food delivery, feeding frequency, prey species composition of food loads in the bill, prey size, food load size and weight, growth rates, and fledging success. I selected these components because, with the possible exception of food delivery, they seemed to have the potential to vary in response to feeding conditions.
METHODS

FOOD DELIVERY
Canvas blinds erected within the breeding colonies of both species before egg-laying began allowed me to view, at close range (1 -10 m), nest site entrances and to monitor the coming and going of adults. Tufted Puffin burrows, which measured from 0.5 to > 3.0 m long, were marked with numbered tongue depressors and colored flags; at each, I made a small access hole (ca. 10 cm diameter) into the enlarged nest chamber, usually located at the rear of the burrow. Each hole was kept plugged by a wedgeshaped piece of sod that could readily be removed. Horned Puffin nest sites were similarly marked; access to nests was provided by natural openings among the rocks. When a foodcarrying adult entered a marked nest site, I immediately left the blind and looked into the nest.
FEEDING FREQUENCY
Estimates of feeding frequency for individual Tufted Puffin chicks on Ugaiushak were based on observations of birds delivering food to marked burrows and on the results of monitoring burrows using toothpick "gates" (see Boersma and Wheelwright 1979) . I watched from a blind during sessions of 2-8 h conducted at least three days per week throughout the nestling period in both years. Toothpick gates were placed at the entrances to 10 burrows containing chicks, once in early and again in late August each year. Toothpicks were left in place until displaced.
Daily feeding activity of Tufted and Horned puffins on Buldir was studied during all-day watches from a blind on Main Talus on 12 and 22 August. On these dates, the average chick age was approximately 2.5 weeks for Tufted Puffins and approximately 4 weeks for Horned Puffins (Wehle 1976) roughly corresponding with the ages of Atlantic Puffin chicks during their period of peak growth (Harris 1978) . Thus, I expected that feeding frequency would probably increase between these two dates to meet the increasing nutritional requirements of the chicks. Watches were made at 15-min intervals from approximately 0.5 h before sunrise to 1 h after sunset. (Preliminary observations indicated that puffins did not feed their young at night.) Each watch consisted of counting for 1 min the numbers of puffins of each species with and without food in the bill that flew past a given point on a colony. In the analysis, data from two consecutive watches, beginning at sunrise, were pooled into 0.5-h intervals and the few birds observed before sunrise and after sunset were included in the first 0.5-h interval after sunrise and before sunset, respectively.
PREY SPECIES COMPOSITION OF BILL LOADS, PREY SIZE, AND BILL LOAD SIZE AND WEIGHT
Adult puffins carry their prey crosswise in their bills back to their nests. These loads of food can be collected and their contents weighed, measured, and identified.
On Ugaiushak, I collected Tufted Puffin bill loads from burrows provided with access holes and monitored from a blind. When a foodcarrying adult entered one of these burrows, I immediately left my blind, opened the access hole, and retrieved the food sample. To determine if prey species composition of loads, prey size, or load size and weight varied during the nestling period, I collected 4 1 samples from 10 monitored burrows from 3-14 and from 19-30 August in 1976 and 31 samples from 44 monitored burrows from 1 O-l 5 and 2 l-27 August in 1977. Collections were made during all hours of the day and sometimes from the same burrow in the same day. In 1977, I also determined, using 10 x 50 binoculars, the prey species and number of prey for 33 bill loads carried by Tufted Puffins.
On Buldir, I collected 15 loads each from Tufted and Horned puffins between 14 and 21 August. Loads were obtained primarily by catching food-carrying adults in mist-nets placed over nest entrances; a few food-carrying adults were also shot and their bill loads collected.
General information on the nestling food of Horned Puffins on Ugaiushak came from observations of dropped fish found within their colonies and from observations of bill loads being carried by adults. Accessible Horned Puffin nest sites on Ugaiushak were usually far apart, thereby allowing only a few nest sites to be monitored simultaneously from a blind; I therefore decided not to collect Horned Puffin food loads. All loads collected were weighed to the nearest 0.5 g; individual prey were counted and measured to the nearest 1 mm (fish from the tip of the snout to the tip of the caudal fin, and squid from the anterior end of the mantle to the tip of the longest tentacle). Most of the fish were identified by me; other prey were preserved in 5% formalin and later identified by the staff of the Aquatic Collections, University of Alaska Museum, Fairbanks.
GROWTH RATES
During the three colony years on Ugaiushak and Buldir combined, I measured the growth rates of 67 Tufted Puffin and 26 Horned Puffin chicks reared under natural and experimental conditions. Chicks raised under natural conditions hereafter are called "unfed singles." Experimental chicks included single chicks given supplemental food ("fed singles"), artificially twinned chicks with and without food ("fed" and "unfed" twins, respectively), and single and twinned chicks raised in captivity and fed ad libitum ("captive singles" and "captive twins," respectively). Growth rates of chicks raised under the various conditions were intended to provide information on feeding conditions, the maximum rate that chicks could attain, and the ability of adults to feed more than one young. Interpretation of these data was based on assumptions that: (1) the amount of supplemental food given to chicks alone was insufficient to enable chicks to reach maximum growth rates; (2) the amount of supplemental food plus the amount of food delivered by adults would be equal to or greater than that needed for chicks to attain maximum growth rates; and (3) captive chicks fed ad libitum would grow at maximum rates. For chicks receiving supplemental food, I also considered whether or not a feedback mechanism existed between chicks and adults such that certain chick behavior stimulated adults to deliver food. Fed singles would presumably grow faster than unfed singles if feeding conditions were suboptimal (i.e., if adults were unable to provide chicks with sufficient food for maximum growth) and at the same rate as unfed chicks if feeding conditions were optimal. With a feedback mechanism, any supplemental food I provided would moderate the chick' s behavior so that adults would deliver food only if the chick indicated that it was still hungry. In this situation, the chick would receive as much food as it could use and grow at a nearly maximum rate. Without a feedback mechanism, the amounts of food delivered by adults would be inherent to their feeding behavior as influenced by feeding conditions. A chick reared under these circumstances would grow at nearly the maximum rate if feeding conditions were optimal, but more slowly if feeding conditions were less favorable. For fed twins, I expected the results to be similar to those for fed singles, except that the growth rates of twins would be even more sensitive to food shortages.
For unfed twins, if a feedback mechanism was operative, then the adults would have twice the normal pressure to supply food; these chicks would grow more slowly than unfed singles unless feeding conditions were excellent. In the absence of a feedback mechanism, adults would deliver only the amount of food normal for a single chick and the twinned chicks would grow more slowly than unfed singles, regardless of feeding conditions. I measured growth rates by weighing chicks to0.5g(under100g)orto1g(100+g)every second or third day on Ugaiushak and daily on Buldir from hatching until either fledging or my departure from the island.
Food supplements consisted of fresh fillets of black rockfish (Seabastes melanops) and small whole fish, primarily Pacific sand lance (Ammodytes hexapterus) and capelin (Mallotus villosus). Fed singles received 50 g of food supplement once daily beginning at three days of age; fed twins together received 50 g of food supplement once daily when three to seven days old and 100 g daily thereafter. Supplemental food was placed at the entrance to the nest chamber for Tufted Puffins and near the nest for Horned Puffins. Twins were artificially created by adding a chick from one nest to another containing a single chick; chicks were twinned when less than two days old. Captive chicks were removed from their nests when two to five days old and raised outside in wood and burlap simulated burrows. All captives were fed ad libiturn the same prey used for food supplements plus a commercial brand multi-vitamin and multi-mineral supplement. I computed growth rates presented in Table  8 Tufted Puffin chicks on Ugaiushak received from none to at least four loads of food daily; occasionally, some chicks were not fed for two consecutive days.
Parental feeding of Tufted and Horned puffin chicks was loosely synchronized within a population. Daily feeding activity began at sunrise and tended to occur in peaks every l-2 h throughout the day, with most food deliveries made in the morning. On Buldir, over 60% of all deliveries occurred between sunrise (approximately 07:OO) and 13:00, with less than 3% occurring between 19:00 and sunset (approximately 22:00) (Fig. 2) .
On Buldir, the proportion of food-carrying adults to non-food-carrying adults observed during all-day watches on 12 and 22 August was similar for Tufted Puffins (12 Aug. = 3.2%, n = 1,338; 22 Aug. = 2.3%, n = 1,608; x2 = 2.18, P > 0.05) but decreased significantly for Horned Puffins (12 Aug. = 5.6%, y1 = 3,154; 22 Aug. = 2.2%, n = 5,821; x2 = 65.39, P < 0.00 1).
Weather appeared to affect feeding activity only slightly. Even under the worst conditions (i.e., heavy rain and fog, waves over 2 m, or winds in excess of 80 km/h), some adults delivered food.
Other studies have found that Tufted and Horned puffins generally receive from two to four feedings daily, with a range of none to six for Tufted Puffins and two to six for Horned Puffins ( (Table 1) .
In food loads of Horned Puffins on Ugaiushak, sand lance appeared to be the most nu- (Table 3) . In other OCSEAP studies, the predominant prey species in Tufted and Horned puffin bill loads in all colony years were either sand lance or capelin (Tables 1 and 3 Tables 1 and 3) 11 of them showed sand lance and/or capelin accounting for at least 85% of all prey, while for both species on Buldir, they accounted for less than 45% of all prey. Although sand lance and capelin were the primary prey species in both Tufted and Horned puffin bill loads, the composition of subordinate prey differed between puffin species. The most numerous lesser prey were (in decreasing order of abundance) for Tufted Puffins: cephalopods, gadids, sculpin, and greenling; and for Horned Puffins: greenling and gadids, squid, and sandfish (Tables 1 and  3 Tufted and Horned puffins on Buldir delivered nearly the same size sand lance, but Tufted Puffins delivered significantly larger squid than did Horned Puffins (Table 4) . Based on the relationship between sand lance body length and age class (Blackburn 1979 ), most sand lance in puffin bill loads were probably age classes 0 and 1 fish, with few fish in age class 2 present. Most capelin taken were probably age class 1 fish, with a few age class 0 and 2 fish present (Jangaard 1974 (Table 5) .
Tufted and Horned puffins on Buldir delivered loads of similar size and weight (Table 5) .
Means of both size and weight of food loads in this study fall within the ranges of those observed elsewhere in Alaska (Table 6 (Table  9 ). All observed nestling mortality during these years occurred among chicks less than two weeks old. The most commonly reported causes of death in chicks older than that are predation by terrestrial predators ( Aspects of food delivery are primarily inherent characteristics of puffin feeding behavior, presumably not subject to variation in response to environmental change. Other components of nestling ecology may, however, be affected, and thus may serve to indicate changes in feeding conditions. Of these, fledging success is overall the best measure of a population' s reproductive health, but it is often affected by factors other than feeding conditions (e.g., weather [Manuwal and Boersma 19771, predation [Amaral 1977, Lehnhausen 19801) . Growth rate, on the other hand, is sensitive to variations in feeding conditions (Ricklefs and White 1975) weight gains of 2.5% adult body weight/day were near maximum and that feeding conditions were nearly optimal. Although sample sizes were too small for statistical comparison, my interpretation is supported by the fact that captive chicks and unfed singles grew at similar rates. The data also suggest that a feedback mechanism in food delivery may exist between chicks and adults for both puffin species. Data on the major components of the feeding ecology of nestling Tufted and Horned puffins for various colony years in Alaska are summarized in Table 11 . They are insufficient to establish a reliable correlation between feeding conditions and feeding frequency, prey size, or prey species composition, size, and weight of food loads. Nevertheless, changes in feeding conditions should at least be suspected if data in future studies differ significantly from those presented in Table 11 . Currently, however, growth rate alone is the most reliable criterion by which feeding conditions can be assessed.
The high growth rates and estimated fledging success of unfed Tufted and Horned puffin twins on Ugaiushak in 1977 neither refute nor support Lack' s (1954) hypothesis that the clutch size of a bird species corresponds with the largest number of young for which the parents can, on the average, provide enough food. In addition, my findings do not strengthen or contradict Nelson' s (1964) conclusion that, although some uniparous seabirds can rear two young sufficiently well to give those birds a substantial reproductive advantage over pairs having single chicks, they do not do so naturally. Although both Tufted and Horned puffin pairs were apparently able to fledge two young during that colony year, the data are too few to determine whether or not they could do so "on the average." In exception to Lack' s (1954) view, the clutch size of many species of birds is determined by constraints on the laying female rather than the inability of pairs to feed more young (see Klomp 1970 , von Haartman 1971 Lehnhausen (1980) ' That uniparity in puffins may be a result of such constraints is suggested by the results of egg replacement experiments I conducted on Ugaiushak in 1977 (Wehle 1980). In 10 each of Tufted and Horned puffin nests from which I removed the original egg soon after it was laid, 7 and 3 nests, respectively, contained a replacement egg 10-2 1 days later. Only if a female was able to lay a second egg soon after the first egg was lost (within several days rather than 10-2 1 days) could constraints on the laying female be discounted. Data for some aspects of the feeding ecology of nestling Tufted and Horned puffins currently are too variable to make a reliable correlation with feeding conditions. The data suggest that feeding frequency and prey species composition of food loads may be better indicators of feeding conditions than prey size * Seasonal variation is that observed during nestling period at same colony in same year; annual variation is that observed at same colony among years; geographic variation is that observed among colonies. Question marks indicate non-statistically documented variation. b Weighted mean and standard deviation for all colony years combined, n' is number of colony years; n" is total number of samples for all colony years combined.
C Percent of chicks hatched or load size and weight. Nevertheless, growth rate (as the combined product of all components) is currently the best indicator of feeding conditions for puffins. Growth rates of 1.5% adult body weight/day or less reflect poor feeding conditions and, in general, are correlated with low fledging success; growth rates of 2.5% or more reflect the best feeding conditions and, in the absence of other mortality factors, are associated with high fledging success. Growth rates have varied considerably among colony years in studies thus far. Hence, data from a number of colony years will be needed in order to establish a credible relationship between offshore development and changes in feeding conditions as indicated by growth rates. In years of favorable feeding conditions, pairs of both Tufted and Horned puffins can successfully rear two chicks; that they do not do so naturally is probably the result of constraints on the laying female. 
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